holds much better electronic conductivity, at least two orders of magnitude higher, and better electrochemical activity than either nickel oxide or cobalt oxide [7] . However, as we all know that large changes in volume appear during Li + insertion and extraction because of the conversion reaction mechanism, lead to the electrode pulverization of anode materials from current collectors, and thus resulting in poor cyclability. Therefore, solving this problem can greatly enhance the electrochemical behavior for lithium ion battery. On the one hand, hollow structures are considered as an effective way to overcome the problems due to the existence of nanoscaled interior cavities, which can buffer and accommodate the large volume change during Li + insertion and extraction [8] . In addition, the characteristic merits of the hollow structure, including large surface area, potential for high loading capacity and kinetically favorable open structure [9] [10] [11] [12] 
Results and discussion
ZnCo-glycolate solid microspheres were fabricated by a green and facile route without any surfactant or precipitant then severed as the precursor for the fabrication of ZnCo 2 O 4 yolk-shell microspheres. The formation reactions of the ZnCo-glycolate phases can be described in the following steps: shows that the final sample after calcining reserved the overall spherical morphologies.
Interestingly, it is observed that a significant fraction of the microspheres have cracks on their surface. A typical broken yolk-shelled microsphere is shown in Figure 3 (b); a shell together with a yolk with the diameter of 600 nm can be clearly observed, the wall thickness of which is determined to be about 50 nm. Practically, the core is highly porous and composed of nanosized subunits. yolk-shelled microspheres. In the initial synthesis procedure, ZnCo-glycolate nuclei are formed due to the strong interlinked ability of ethylene glycol under the refluxing at 170 °C, which possessed high surface energies and tended to aggregate to spherical structure to reduce the free energy. Afterwards, relative uniform microspheres are obtained due to the famous "Oswald ripening" process, driven by minimization of the surface energy. The fabrication of the yolk-shelled structure is mainly based on the heterogeneous contraction caused by the non-equilibrium heat treatment process during the thermal decomposition of ZnCo-glycolate [27] . [28] . The Co 2p XPS spectrum in Figure 6 (c) consists of two main lines (2p 3/2 at ~780.6 eV and 2p 1/2 at ~795.7 eV) with the spin-orbit splitting of ~15.1 eV, in accordance with the data reported in the literatures [29, 30] .
Two distinguishable satellite peaks centered at 789.7 and 804.7 eV were detected at ~9.0 eV above the Co 2p 3/2 and 2p 1/2 main lines, which are the fingerprint for recognition of Co 3+ species [31, 32] .
The deconvolved O 1s spectrum in Figure 6 the weak and broad peak between 0.2 and 0.5 V may be due to the further lithiation of Zn 0 to give a Li-Zn alloy [5] . In the following anodic polarization, two peaks located at 1.67 V and 2.07 V in the first cycle are attributed to the oxidation of Zn 0 and Co 0 [34] . During the subsequent cycles, the cathodic peak shifts to 0.96 V, which reflects the irreversible electrochemical reaction during the first discharge cycle [5] . From the second cycle onwards, the CV curves are mostly overlapped, which indicates the good reversibility of the electrochemical reactions. Based on above analysis, the lithium insertion and extraction reactions for our yolk-shelled ZnCo 2 O 4 microsphere electrode are believed to proceed as follows: , a bit lower than that of the electrode using PVDF as the binder (1377 mA h•g -1 ). Whereas, with increasing the cycling times, the discharge capacity of the one using PVDF as the binder degrades more seriously than that using CMC as the binder. It is worth pointing out that the main reasons for the existence of the initial irreversible capacity for anode materials are the irreversibility of eq (1) and the formation of a solid electrolyte interphase (SEI) layer, which forms on the surface of the anode material during the first discharge [35] , and the irreversible reaction in equation (1) . The differential charge and discharge profiles are shown in Figure 8 while the peaks for the electrode using CMC as the binder overlap better than that using PVDF as the binder. shown in Figure 9 (b), the electrode using CMC as the binder still retain the discharge capacity of 718 mA h•g -1 for the 100th cycle, versus 325 mA h•g -1 for that one using PVDF as the binder.
With the current density increased to 1000 mA•g -1 , as shown in Figure 9 (c), the cycle performance of the sample using CMC as the binder are also better than that using PVDF as the binder. The electrode using CMC as the binder nicely yields a discharge capacity of 331 mA h•g -1 after 500 cycles, while that using PVDF as the binder just remained at 202 mAh/g by the 500th
cycle. Figure 9 (d) compares the rate capabilities of the ZnCo 2 O 4 yolk-shelled microsphere electrodes using CMC and PVDF as binders at different current densities. The discharge capacity of the sample using PVDF as the binder decreases significantly form 100 to 2000 mA•g -1 , whereas that using CMC as binder decreases much more slowly at the same current density. The current importantly, CMC as the binder can stick to the collector more stable than PVDF. As illustrated in Figure 10 (c) and (d), which shows the optical digital photos of the electrodes made from yolk-shelled ZnCo 2 O 4 microspheres using CMC or PVDF as the binder after cycling 100 times. It can be clearly observed that the electrode using CMC as the binder is smoother and tighter than that using PVDF as the binder.
Conclusion
In summary, yolk-shelled ZnCo 2 O 4 microspheres are generated via annealing ZnCo-glycolate solid microspheres, which were synthesized by a simple route without adding any surfactant, template or precipitant. The as-synthesized yolk-shelled ZnCo 2 O 4 microspheres have been applied as the anode of Li-ion batteries, which show superior capacity and cycling performance.
Interestingly, by adopting CMC as the green binder, the electrochemical performance for the yolk-shelled ZnCo 2 O 4 microspheres are greatly enhanced, including cyclability, rate capability.
The present strategy could provide a feasible and effective means of achieving improved cycling performance and rate capability of high-capacity battery electrode materials that are subject to large volume changes.
